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PROBLEM TO BE SOLVED: To provide a surface- 
emitting laser which has low resistance and can have its 
operating voltage lowered and is reducible in power 
consumption. 

SOLUTION: This surface-emitting laser has a resonator 
structure, constituted by stacking on a substrate 101, a 
1st n-type semiconductor multilayered film mirror layer 
103, a 1st active layer 105, a p-type spacer layer 109, a 
2nd active layer 113, and a 2nd n-type semiconductor 
multilayered film mirror layer 115 respectively. Current 
construction structures 108 and 112 are provided 
nearby the active layers 105 and 113. to form a p-side 
electrode 117 electrically connected to the p-type 
spacer layer 109, a 1st n-side electrode 121 electrically 
connected to the 1 st n-type semiconductor multilayered 
film mirror layer 103, and a 2nd n-side electrode 119 
electrically connected to the 2nd n-type semiconductor 
multilayered film mirror layer 115. 
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(54) BSMO^iSW mSSftU-imW. :feJ:t«-©Kft*fe 



(57) ismi 



10)nSiti©{*^SJS55-®1 0 3. SliOSItMl 
05, pS«)X'<— t#-Sl O 9. ^2<D5S1tJBl 1 3. 

L.-CfiE^)#tSlg«jg$*-r-5. jgttSi 0 5. 113© 




jfi«(-«§Ki*s^1iitl 0 8. 1 1 2A<S(te,*V, pMX 

m^<Dr^ M¥»ft:^SISS ^-g 1 O 3 t «a6*II=}S^ 
**l.fcSl (©nfiUB^El 2 1. m2(Dnffii|i?ift:^Sia 
5 5-Sl 1 5i:«gW(-SI^S^tfcm2<0nflijmSI1 
1 9*<»^^F*l.Tt^«. 



(2) 



^112 00 2-2 1 7 4 9 1 



■y-JB. SS2<DSttJi. Sg2<DnSi|i3S(*:^HIg5^- 
*tfcmi (Dnfidme. m2ronS^tt©(*^MIS5=5-S 

[a*«2] Si ©sttst pso[>a'<— y-eroraicm 

1 OA I ^*#^i*:M$^A/t£Sl <OpM«3!E$t5^S. 

&ifpm<Dx^—*)-mtmz<D^iSim(Drsizm2(DA i 
$$^t£s 2 a> p m'eaii^i^mimm $ 

t(nB«3lE«E9» Si. S 2 (O p MSSlEtt^^Ji 

romi . ig2(0A I #*itiS{*BA<a*?M^b$*iTfiE-5 

(D n 7-S^:S 1 (D n flg«e^!b<Sg| 

SJilzSl <OnfiiJ«®A<}^fiE*tl., Sl©nS¥#t*:* 
SK57-StS 1 © nffl«ffit J!i<a«WI=««l**l-C 
U-5Ci:$!^fSt-r«IS*«1 *fctt2l=fa«0!)iB563fe 

[i«*^53 ItrlESi. S2<DS14SA<*«S4'lc?^« 
l=s Si. S2(Dp^«358t^g<OB». «Sst, Mj*. 

[flt^^S] fltriBSl0:>nM¥lllf|:^@lSS7-€&S 

1 a)SttBta)rasi;s2<Dn^#»t*:^^K5^-B 

4:S2<DStt@t©Pa<D'>'Ei:< tt-^lcts S3(0A 



I ^«#9i4:iS$$A/y-£S 3 (D n S[m3S»^Ji/i<if 

Hrasy, ss^p^assEtts^Mc:!*. ssoa i^:^ 

«E<DM5gJtU— tfSa. 

-efeoT. =&^3t^^-a)pffii«®A<as«)i=}*^$*tfc 
sa. 

[iS*«1 0 3 ^IBA I ^^'^M^mff'. a I X Ga 
1-xAs» Al X I ni_xAs. Al xGai-x 
P. Alxlni_xP. (AlxGaT_x) yin 
1 _ y A s . (A I xGai— x) y ' "1— y 

p (osxsi. osysi) (r>'p1s.<t.^^'^Ws^^ 
d t $!|$« t -r ■Sgl*^ 2 A^ & 9 © i^-r;h.A^ 
l=8Ett©®583t U— tf ge. 
[iS^^i 1] f»^^3(=iBK©®»3tu— tf^aroS 

S^a-efcoT. Sffi±(-. Si ©nai»i««:^g|g5 

Si ©S1SJB. Si ©A I 

f£Si ©pMS3S»sgB. pM©X'«?— y-B, S2©A 

I ^:fritt^^*B^#^/£S2©pam3^ta^M> S2© 

S2©nM#^«:^SIg5^-S. ©#S$S 
M^S-r«x@&. Si ©pS%3!£lSfc!^BA<fi!l1iil=SU 
•r«*-Cl»«LTett©fl3tliigE$}^^^«xai:, 56 

3fe^«©*'t?ifi^^t?SK S2©A I 

i^B#iziS4fr-s ^ tT?;:*.^— y-g©±Ti=«3£s*^«3t 
*»fifc-r*xat. Ji3tii«©*i-m$x'<— y-BA<« 
s icgffi -r •& $ -e i»£ L T pss^it $ }^^r « x€ ^ . 
ssaj Lfcx-^-- y-Ba®±i= pfiijm®$}^j5£-r-5x 
$$t;ct$!^«t-rs®ii3feu-if«a©»5t?^ 

2] iS*^4(Cl5«©lSlt3feU-1fSS©« 

jt:&aJ-efco-c. #$feigttS«Jii=. =i:/^'^7h®$# 

^t£S 1 © n M#3Si*^BIIi 5 ^-S. S 1 ©/mS, 

Si ©A I ^w^^ia?i*JB^#^fc*S1 ©pSS3S«^ 

pS©XK— S2©A I 
y£S2©pM«gStJft^S> S2©jgttB. S2©nM¥ 
Stt*SE£^-B, ©«-®^®Bfi£S-r-5Xgi. M 
=i>^i^ KJfA<«iU=iBUJ-r«*-CII!E*LTtttt©ll3t 

^ja$}gfiE-rsx8i:. f63t«ja©4"i:>ifi«*i7Su 

S2©A I #^^<i»t*:S^|^Bfl-M^b-r-5Ci:T?X'<— 

•y-B©±Tica3ssit^«ijt$jK^-rsxgi:. ^st^js 
©M-asu *x 9-s A<a® fcRui-r -5 * -ei** L r B 

^i«)t*jgjjE-r-5xist. SMaiLfcX'<— 9-Ba®± 
i=pfl!jm®5}Kj«-r-5xst, hB±icnfiija 

-y£ia©!i£^^. 

[ii^^l 3] a*«1A^t>1 0©L^-r3f^A^(c|S®©® 
ai3tU— yga©ffilll^a-C-fco-C» Sl©nfflll«ffit 



(3) 



2002-21 7491 



mzainmmmt^msimzmtiiLxafmiiLi: Lxis 
< i±ms.imisa-ti=i t -e u— tfsa ^^TJ5: 3 c t 

[K3^^1 4] a^jt^si jbv&i oa>l^r4^A^i=l^ea>9 

fgjtu— tfsa©si!i:5^-cfco-r, mi «)n«ifi«ii: 

r « :i t -c u— y ess *^Tnc 5 w i: ^« t r -5 iBH* 
Cit*«1 5] a^«iA^c,i oa)t^•r^^AM-la«a)® 

X®II$g]*nL, m2©nfi!ie:ffii: pIMBffiCDrair^lS 

[is*«i 6] »*«i 5i=iHa<Diii63tu— ygao 

(atLTfc^. mionfiijm^ipflamsroF^ic, ■ssi 
nflamet pflijmfii<DFBii-^p«ziS^aA. =tL<i*^ 

9 1 a> n p fiia«i<pia(=i£A-r •gasst l 

iftm=f-xmt^ittz^mX' U— tfffiSSSfi-^C 7 C i 
«t-r«iii563tU-1fgaoSBil*9S. 

[0001] 
[0 0 0 2] 

[st*a>tt«f] *saro3feais-¥>3t-f >^-3*^^i/a 

&ia^fill^a^^iiij@f^Lx— tf (Vertical Cavity Su 



rface EiDitting Laser:VCSEL) S ^^XTl^^S. 

[0 0 0 3] ifi^. A I ^-^/utz^mwm^TSitmi&m 
icg^it. ^<Dm^m^mizmitLxm^m^mm.^wnf 

6<Appl. Phys. Lett. 1995.66. (25). pp. 3413-34151= 

ZOmXlt. nS©#^*^gM5 5 — 1 OO 1 <D± 
(=s SttHi 0 0 3. A I *#A/f£#S»fl:ji 1 0 0 5. 
pMa>¥^t*:^MIg5^-1 0 0 7. MP^KItfcpfll 
lifill 0 0 9A<«H$^XTl^-i). 

[0004] ca)«riEi=fet^r. A I *^^f£*3^^*s 
1 0 0 5 i*a«K^b*jh„ -toinsSJA^A I X o y ^ £ 

is^j-t-r-s^siBi oo6tni:oTtey. «3Ssi{^«ijt 

350«aA<JIB1#T? ^ « 1 1 1 (=. *-=E- K«lI*Slia 
57-1 O O 7a>»taC0iS$. j3J:i;«3SSts^SP»-e© 

mmA<S< 'S:«. ^^g^*A<l6S&LrU*t^^14A<S&^b 

[00 0 5] J;E«Si*«a-r«f=i«). tKoj!)x©3?a! 
A^^feStS^XTl^^o 1 rDl*. Electron. Lett., 1995. 3 
1. (11), pp. 886-888l=^$+fCt^-5«fc5lCiliS<*:#S 

O!)«SC0Sia7lZ^-r. Z<omXlt. nM««2 00 1 
(D±IC. nSi|t^tt:^Ba5^-2 0 0 3. Sttg2 0 
0 5. A I ^ ^A/f£ijtS(*g 2 O O 7 . pS3>5«i?h 
JB2 0 0 9. T>K— ::^®i»i#t*:^SK 5 5—20 1 i 
A<S»**tr^^. CCI=fcL^T. A I ^^^A,t£^^mw 
» 2 o o 7 l*a^K<b*;h.. -tron^SPA^A i x o y ^ 
i^^J'i:-r4!ffi«^2 0 08«!:JS:oTfcy. m3iEa^« 
aS*«J^J«**fCt^«. *f=. pS3i/5«<7 hJi20 0 9 
-hfC(ipfiijmS2 O 1 3 A^JKJS^^I.. nSS«2 O O 1 
©5ffi±(c(inflijaffi2 O 1 SA^jem^^vTL^-S. pM 
®®2 O 1 3(*3>5r/7 hg2 0 0 9±.(=Slt f>4lTl.^ 
SO-C. «ft<DSLXpS3|iaStt:^JSI!g5 5-2 0 1 II* 

[0 0 0 6] «titi£!g£©tea):^^<!: LT(*. pS»«± 
l=pM^^tt:^SK5 5-. A I ^-^Ajtz^mtf-m. S 

^^K£5— (l!lA>e.x.v^>yLTA I ^^^^■£i^i©(* 

@<Dflij®$gtb$i±fctttt<D5ie^}^jiEL. A I 

^ jiis-rsasiEiDSia*:*:* < -e^so-cstaffissroja 
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[0 0 0 7] 

B«3feU—tfgaicfcUTI*. p^#S(*#»IS£^- 
»35(««/MB«1? fc « ^ i: 1= J: ««fitliiinl=0 L^r li#iS 
[0 0 0 8] *SIISc7)e MI*. 

[o o o g] 

'S:<i:=fe. Si 0)nM¥S*^SJgS^-B. mi OS 

[0 0 1 o] ±is«£i=.^;h.i£. p^ii^aif^^sns? 
tit 'icy. i!if^«iE, >Bg«**«a-e#5. 

^eet LTTy-K=i^><bA<Rrii6i:&S. ^fc, M 

■c. ig^«ta*Mi=/K*<-rsci:3&<RrtiBt'&«. ess 

\.\ mi roSUSt PM0>X<<— 9-S<Drai=mi OA I 
$^it£«(4:B$$A/f£m 1 O P SaSESt^if . At; p ^ 

t*:B$^A/f£m2ropsa3!tifts?ji^ajiL, mi. m 

2a)pMm3iE5E^B©mi , m2<DA I^^^Ji^ffg* 

[0 0 1 1] <t y:^t*MI=l*s fc^HJfiJKtllCfcLxT 
3I<*#SBI 5 ^-Stm 1 <D n A<S«*^ LT 

[0 0 12] ^fc. feSillEJKSIfCfcl^TI*. ItlBSffi 

3!><^«&fgM(n#t@f4^ft«-c& y . m 1 a> n 



<D-ep*<SaiLr33y, ^gliiM±l=mi ronfiij«ffi*< 
J^J$*:h.. mi «)n^#»#^«|g57-Jltmi ©n 

^tg^om 1 <r> n fii]3«|^±$S$ifit)iz$&|S$i±f=«j& 

[0 0 1 3] MIC, ±IBafi<I$5SfiE-r'5*f6B^I-.fc-5® 
IBJtU— tfS1t©«JS*ai4, S«±lc, mia)ns# 

«*^Bi®£^-H, mi ojsttB, mi 05 A I #*iti 
»«:B^^^t£m 1 CD p MmssstspB. p Mox^-- y- 
B. m2(DA I #*i^i®^*;B^#^t=m2<Dp^a3i^3* 

SSB» m2©SttB, *2<DnM#S<*^BK5^- 

B. (D#B*ffiB^«-rSxei:. m 1 <D p SmSSEStsg 
B*<flilillcg|ai-r * *T-|»* L Ttt«0563fe^«*}^fiE 

-r^xat, fB3tfi«a>*'i>is«i*T?mi . m2<DA i 
■^m^n^wm *pii^i=iHb-r-5^fex'<— y-Ba)±T 

^■r^xsi:, XK— y-B±lcpfiiJ«ffi$}^^-r-5x 

[0 0 14] ±12S5t:^^(=J:^(i. mi. m20A I 
^Siti«{*iBa)K'fb«r«>}^!RA<l5ffi^-T?»y. 
l^-*#-UI^I$l=i6<b1?f?«©-C. J:T©«gSSfc*«iS 

[0 0 1 5] ±i2gKl$3lfi£-r S*Sie9I=.k-5ffi 

=i>4i^ hB*^A//£mi ®nSi|t»«:^BM5^- 
B. mi <D?si4B, mi (DA I -^m^mwm^-^Ajti.^ 
1 ©pMwgstas^s. pMa>x'<— m2<DA I # 

*¥»»B*^X.t£m2<DpS«3S»!SB, m2<D?ttt 
B, m2<DnM#^i*^BIS5^-B. 0=&S5aB^ 

sfsxgi:, K=i:x-5«^» KBA^ssi-^m-rs^-ei^ 

ic>ia«§*-emi. m2<DA \ -^m^n^v^m^^m-mit 
f * c t -cx-^— y-B<D±T(-«s!E$tsp^i3t^ j^nE-r •& 

XSt. S!3t^ia(D^«SP^X^— *#-BA<a®l::Mai-r 

**-c?i^.^LTiigs«i£$}g^-rsxat, sstaufc 
x/"?-- 9-Ba®±icpfiiB«*»^-r«xat. 

[0 0 16] HJc, ±|2gfi<l$ajj£-r*3^;f6^|=J:*® 

«3fei — -ysifioffiis^afett. mi onffiaatm2<D 

$EPin-r * c t -e u— tFjsM^ ^T^i: a c t $!^ett Lfc 
y, %^<linmwmilf>m'm.m<J>f^. tiiixs^%znnm 

isa) -rscfc-cu— tfSIlll^^T^B:5:It^!|#^»i:Lfcy 
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git(o/<7 wr s c t •c^Sifies^fiuai-r * c t 

[0 0 17] 

[0018] C(D||J6}g®-Ctts n^GaAsSSlOl 
±.l-» n— Alo. 9GaO. lAs/n— AIq. 1 
Qao. gAsJi^e^SSmi <DnSiti«t*^JBK55- 

ma ©A I ^*#»{*S$^A/f£m2(Dpffi«35SI^Ji 
11U a2fl)jSttHl13. n-Alo. 9Gao. lAs 
/n-Alo. iGao. 9 A s A^&&-5S2a)nSi<i 

*<aOiiil=Sttl-r«*-C«3|st*|»3sL-cattCD563t««^ 
]^^L. mi. maOA I d^^iSi^Sio?. iii$fiiSi 

fflLfcx/<— y-B«H±lcpfiJSffiii7^JgfiE-r-5. * 
S!£l01(OSSI=mi (On{iOm@12K m2<onm 

a>nfi!jm«l119$fiSlt.&. 
[0 0 1 9] »1, m2<O5§1tg105. 113(4. ■Wjltf. 
P L (photo luminescence) If— iKSS 3 O nmroG a 
As/A I o. sGaO. 7A s A-'i^^* 3Ma'¥-#Pfll 

it* A I Ga A84rv•JT:fPry^^Ji■e»A/t=«fi^^:■r 
^. ^■v'J7':^n'y^?Jii: LT(i, ^^li. a I o. 5 
Gao. 5Asi:LT*<J:t^U A I fflfiESJa^rR)(=tiE 

[0 0 2 0] mi, m2 0)nm^m»^mmz^-m^o 

3, list LT(±. n— Alo. 9GaO. iAs/n — 
Alo. iGao. 9 A sf=ltT?Ja:<. «®«r*li (A 

I ^flJ^litO:*:^l^H) t^Bfir^a (A I Jffljjfetfcoj/h^F 

[0021] mi, m2OpM®3S$ts?Jii07, mii, 
m^lt. p-A I As^A I ^^^f£gS?K1bS4:L, 
-5-*tSp-Alo. 9Gao. 1 A s-^?S5^f£3H1Sl5E 
^r-g. AIGaAs ^S^SIfb-T'^li^, A I f&mtttfi 
* L^l^ if K^b^JSA^jl < , A I m!$.itt< O . 9 KiTCD 
li^l*l^^:^i:K^bL^Cl^<!:^^514RA<fe*. J:-3r, 



A I AsS<Di¥A<A I X O y IC^-fbLTj&iSBtJEC-S 
±T©p -A I o. gGao. 1 A sliSE'tbL'S: 

a>3jg«fitl=*Jl^Tli, p -A I A s t p-A I o. 9 
Gao. 1 A s(7)l!t®<7)^A<p-A I A srotf'ASP.fcy 
*K<bJlJSA<jl<J5:S;&, J^J^^^rfcA I xOyBflJJ^ 

* <-r-5Ci:*<-e^-5o A I xOySI?lS-e<D 

SicfL(DSS$SA/h$<-r^^=«>, A I AsB;&<#^«|» 

[0 0 2 2] mi, m2a>pMm3iE3*^Sl07, llltL 
Ttt, *H<DA I A8B-¥>, A I»fi£lt0. 9Jel±©A 
I Ga AsH*ffllxT4iJ:t^. 

[0 0 2 3] pMX'<— +J-®109I±, -plJjLtf, *Ma)p 
— Alo. iGao. 9Asi:f'5. L#t^fitW3SS/h 
$<-rSfc«>l=:l*, S«EsR©llSfl>W^^r=JSttBl05, 113 

Ll^, 

[0 0 2 4] K-fcfi/ySS^ 
LT p MX'*-- y-Ji109$«»m<b Lf=fS5 A<aL^ 

fiLxi|tilH*iSSS5:fcaiiU, K-tfVyffiJg© 

r C i: -^St BftJDKOia Jin $ ffll ^ ^ t # 5 . 
[0 0 2 5] SS^LTti, nflgm«119, 121 ^LT, 
T I /A u-^A u G e/N i /A u J^fi:, pfiiJSffil17 
tLXs T I /Au-¥>C r/Au*ffltN5wtA<-e# 

-So 

[0 0 2 6] &V^^o^tLX^t. ¥iie«S1£G a a s Sffi 
1?feoTt.J:l^ ZOii^li. m 1 <D n M¥«i*^JglB 
5^7— J1103tfi(D— M ( n — A I o. iGao. 9 A 
s) SgK-e>^feSiLfca>$«^7 hg$J^fi£L-C 

*}&J5EL, •?-a)±lcmi (DnfliJ«fi|^}^fiEL-CfcM+lf J: 

I-, «-m^<Dmi <Dnffla«@, m2fl)nfi!l«a(-?43tlc 

[0 02 7 J ±IBIIJ6}gffiroEi!l^aJ=OLxTI*, 

• mi ron<|ijmffii:m2ronfiiJ«iSi:$«gfi«I(cg!g|L 
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pfii|«fiia)Paicggi@«3ii*;-iA, tL<l*3SiS«li*Hl 

na-tiztX' (^l^^tm^ ^S2 0!>n«i%aofi:S$iS» 

[0 0 2 8] fgJtSP^Itaj&BSLfcS^I*, 

aA. 4,L<l*/<-fTX«BE*aiJnL. A^o. 
'T'r^lzSkltlz. %2(Dnfi!l€«&p«€SOiai=ggil9 

[0 0 2 93 *S!l3l3j:^®5S3tU— tfgSI*Ty— K 
[0 0 3 0] ±nmmmmiztSl^X. ;Sftl*8 3 0nm 

[003 1] SiKt.. GaAsS«<D^(=. I n PSfi 
•V>. A I G a A s«tt-??a&oTt.<fcL^, 

[0 0 3 23 mt^m-tA I $*i|i«i*:St LTJ*. ± 
ISLf=A I A8a>te(=> Al xGai-xAs, Al x 

I nT_xAs» Al xGai— xP» Al x ' " 
1— xP^ (Al xGai— x) y ' ni— yAs, $ 
tz\t (A I xQai_x) y I ni-yP (O^xS 
1. O^y^l) a)L^■r+lA^A>'5)^l:'51 *fcl* 
^ Wit aji«j!E -e & o T 4, J: L V 

[0 0 3 3] ^fc. ±iSlllEif^|glc33t^r, mi, ^2 

■Cli^c < , J; y l6S)(lc$iJ(aiT? # ^^l-M'S -3 

tzmsS.t LXti:l\ Si. m2(DpSS3iEISt^SlCO 

'R^if. mi (Dnffim«i^pfl!]m«0>rsi=i£A-r-& 

«3SE*L<i*Enj!iD-r-5miE^, m2<onmmmtpmm 



[0 0 3 4] JStt^t n^^|i«i*:#Hffi5^-B 

*?Si Afc^at ir L -C t <fe U^o 
[O O 3 5 ] JUTIC, ±fBSI«g»SSSSI=*i*:fi«ll= Lfc 

[0 0 3 6] (miroHSE^J) gll, S2^fflL^T:*:S6 
J:«®S!3lfcU— tfgfiCDm 1 (DUlSCS^gilS-r -5, 

@2i*f^sig$^-rgiT?fc5, 

[0 0 3 7] 5fe-r. a2$ffit^Ti^SXg^g^BJ-r<5o 
n— Ga A sSKi O 1 ^IC, n— AIq. sGa 

0. iAs/n— Alo. iQaO. 9As22. SS 

«iA^e,^i:^m1 <DnM#S<*^»lg5 7-1 0 3. mi 
(DJglf® 1 0 5 , m 1 0) p MmSES^s^M 10 7. p MX 

^— y-jsi 0 9. m2©pMm3iitt^^i 1 1, m2a> 

/SttJll 1 3, n— A I o. gQao. lAs/n— A 

I O. iGao. 9 A s 2 2S««*^e,^C«m2a)nS^^i 

m»§-mmz'7-mi ^ 5. (o^m^mmLx^m^m 

it^J^^-rS (B2 (a) ) . 
[0 0 3 8] ^l^X. atta>»3tlS«*«LT. mi<D 

«3S«sgpi o 5*<flijiii-gm-r-5*-e^{i»<*p^c 1 

»>^>^f-r-5 (H2 (b) ) . 5l3t««l±. l6g4 0/£ 

[0 0 3 9] mi , m2<7>«SS»^Pl 0 7, 1 

I I s-gLTis^b-r^ctif. «e«i^io8, 112 
im^-r?, (@2 (c) ) . 4>j«i(os9Kftssifi««<its 

7k^ailBSi4'-e3 9 01c, 3 5^J-i:Lfc. 

[00 4 0] si3tii«©-eiss, pmx'^— y- 
si ogA^asicsa-rs^-ex-^^'^'^L, ps^^s 

^mi&th (M2 (d) ) . ±gP(DPJttl4ttS2 0i[<m 

x-y^^^f, K<blcJ:y}&JjlUfcA I xOy®l*.SxoK 
t-SH-3'lb7'>^-'t>Aa>;1-&?aElzJ:S't?x^ H-y^> 

[0 04 1]S^(C, pMX-t— y-Jll O 9±©R»fS{4 

sicc r /A u jb>c>j&5 pflflnei 1 7, atsi 010 

S9fi9l=AuGe/N i /AuA^&^'Smi (OnffiISS 
12 1, m2©nM#»i*^Mlg5 7-Ml 1 5J1ICA 
uGe/N i / A uA^P>!5:^m2<7>n^|llai®1 1 9 $ )^ 
fitf ■& (02 (e) ) . mffil 1 9IC|±, ttSi 0//m 

[0 04 2] CO.fcd'JEf^iJ^^^fflL^SC.tT?, m 

1, m2<DpMmsfLSt^si o7, 1 1 ^<Dmitm<r>m■ 
:^iRi-ero«3iESfc^s?<D{4a-rtL$/jx*<-<?fr«. ^om 
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[0043] m^<o^i9^m^ o 5. % i (O p MSSlElk^ 
J1107, pSX'^—- 9-Ml O 9. maopsmsiESfc^ 

Sill. S2CD7S14g1 1 3(D«fi£l-OLxT» 

[0044] »1 (^2) ©SttHl 05 (1 1 3) 

I*, 3 O nmlripjfilf— 5'$:S-r'5G a A s/A 

I O. 3G a 0. 7A s 3ai-?-#p 1 0 5b (113 

b)*Aiffl^*o. 3Axc>o. e^Tffe'SrlzS'fb*-^ 

fcA I Ga As+-\''JT^n^<7Hl 0 5 a (113 
a) X'^A,tmfS.t Lt-o jS14g^t*:ro3fe^fi«lJl*<i<1 
jKS t * * J: -5 l==&S fiti- U fc, 

[0045] »1 (»2) ©pMSSEtt^Sl 0 7 (1 

1 1 ) (*, K^bSISOilL^p-A I AsJil O 7 b (1 
lib) $M^bA<5&^:^l^^CL^p-A I o. 9Ga 

0. 1 AsSi O 7 a (111a) -Vt^/utzS m^^t 
Ltzo a3£$fe^Ji^(*:a)3t^WW*36«l /2 3ftfii:& 
y» p-A I A sJll O 7 b (111b) 

[0 04 6] psx^-- 9-j»i 0 9I*. jsK— ei/^/'a 

S (1 O 1 9 cm-3KU^) (Dp-A I o. iGa 
O. 9AsSl 0 9b$(£K-e>-ifilJg (1 Ql 8c 
m— 3gS) <7)p— I O, iGao. 9As®109a 

•cttA,fc*«jSt Lfc. p s;:?.^— y-jg 1 o 9±»a)fft^ 

K-e><f;8s»i o 9 bA^^tiisific^^a-r-sa^© 
fc. 

[00 4 8] *lllt^JI=J:S®S£3tU— tfSfS£Dlgi!llc 
•Ol^X^m-t^, »1 . m2©nflOm@1 2 1. 119 
Si'a-hLT. p«««l1 1 7 iySSS^aALfct 
C?), U— +fa)U#l^filB3itl*2. SmA-Cfey. «3it 
SmAlcfctxr. 2. 1 mW(D3tal*^^S•5ci:A<■e^ 
f=. ^Ot$©«liS6ftli8 3 2 nm-Cfcy. mi±(* 
2. 4 5 V, «»«fitl46 2Q-Cfcofc. nfiilS 
®12 1, 1 1 9$>>3— h-B-rt-. mi <DnfiiJ«®1 

2 1 t pffilJB® 1 1 7M(=:2. 4 5 V©^E$-EpaiLfc 

«^o)«k»»tn;iii 1 oQ-cfey, m2<onmmm^ 1 

9tpfl!lSffil 1 7rai=2. 4 5 VOSff^RliBLfc* 

[0049] ^fc. m 1 CO n mm® ^ 2^ tp mnm 1 

1 7ffl/C2, 5mA(D/WTX®3£$iiALTj3^, m 



2a>nfli«ai 1 9^pAI««l1 1 7^l=£i||g2mA(D 

TA^y^H 1**1=1 n sJ»lTt?feot=. 
[0 0 50] mi (Onffii%:Sl 2 1 ^pfi9%«1 

1 7r^(=4mA, m2fl>nfl9«ffil 1 9i:pfllJ«^1 1 
7rSl~AmA(0M^^}^XLtztZ.i^ 832. 1 n m 
■CailiLfco aAe3iE*-t*t-€'*l3mA, 5mAlC^^ 

2. 6nmi:^{bLfco ffetPT^. *:Sll£0!l<Oliiig<D® 

[0051] (»2a>|llig<W) |g|4*ffll^X*ISMICj: 

S®S!3tU— tf^S(Dm2a)*J60li$SiB^-r-5. El 4 

[0 0 5 2] KiT. SiSfcSS* 2 0iftltfcli^lC0UTstt 
^-r-&. 2 0 0fe^J:i;i*3 0 0l*mi(DSgS!gfn^l^:|fa> 
®^3tU— tf-efcS. pSX'<— 9-Hl 0 9Ji©BfStt 
file. C r/A uA^e.^C•5 pftijm@2 O 1 , 3 O 1 
^^^tri^S. *fc, ttlEl O 1 ©SSfillCAuGe/ 
N i/Au*NC,^CSSl(DnflHBfii2 0 5A^ %Z<On 

m.^mw^mm.^=7-m^^ ^ sjiicaugb/n i/a 

u A^P>^C^»2a)n^llJm«l2 O 3. 3 O 3 A<}gJiE$*lT 
t^«.o mffi2 0 3. 3 0 3(C1±. 3tlStilLffl(Z>g8PS|5A< 

[0 0 5 3] mi fl)nfiO«S2 0 5(*<&|§3fe3||^<D^tii 

mffitJEcoTi^s, ^fc. pfiijmffi2oi, 301 i*a 
awics® * +L-cti nii t o T -So 

[00 5 4] *ii«)»1 (Dn«mffi2 0 5l*/<-r'T;^a 

2 0 3, 2 0 5i±. ^^%m=f-^ii\z'&±\z^ ry — K 
[o o 5 5] ^m^%\y—^^m(Jim.m\z':>i^xm.^f 

•5. /UTXmSSE^SmAi: Lfcc Z<Di:#, 
^lc(±-€-*i^^T,2. 5mA;:£A*tt-CL^-5o ^ISttSiE 
14. «-ie3t*^-i:4.2mAt Lfc. ^©ttfiST?, «-U— 

fc. C<Dt#<DlE*,±3!)<y, a:*,T*<y^^tt. #fB3t 

[ 0 O 5 6 ] *^tEfi!ll= * y . U— «f g 

^ c i: & o fc. 
[0057] (S3©3I16«IJ) H5SfflLxT*f61BlCj: 
tf^ga5m3ro|ISEW$miS-r5. @5 
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I*IS1-(DS#A<# L T 
[0 0 5 8] *StiS^J-ei*. #$6^SGa AsS«6 0 
l-hlc, n— Alo. 9GaO, lAs/n— Al 
O. lGiaO. 9As22. SMMif^iUif^T (DnW. 

#9»»|glSS7-lB6 0 3. mia>SltJBi 0 5. m 

1 (DpM«3S»^Mi o 7. pMa);^'<— y-gi o 9. 

macDpSmSEStsg^l 1 1 , ^2(0^14^1 1 3. n 
~A I o, gGaO. lAs/n— Alo. iGa 

o. 9As22mmis^^t3:i>m2<onm^m»»mms. 

-So mi ©nM¥^t*:^JlM5^-M6 0 3<Di^*l= 
I*. n-Alo. iGao. 9 A s $S K— tfl/^fffiS 

[0 0 5 9] ±iaitfis«i£sx-v^><f Lrig5(w5^ 
■TBSfliJt^j^fitr*. psx^— y-Hio9 

±a>M£tLtS(=C r/Au]!>>&^-&pfi!l3e40 1 « 5 

0 1$}gJ5EL, mi «)nSiJt^<*^g^5 7-g6 0 3 
- tficDa^^^; h®±l::A u G e/N i /A uA>6>^tSm 

1 (Onfl!ime4 O 5, 505$}^^L. m2a>nl!#9 
^*#PI8£^— Jll 1 SiCZAuGe/N I/Au3!»^& 
'S-5S2a>nfl!lttffi4 O 3. 503S}^fiELr, 

U— tf4 0 0, 5 0 0$^fi£-r-5o affi4 0 3, 5 03 

^ly—>frslz^!.i&mmG a a s»te6 o i rtics-rs^ 
M^eoo^j^jjE-r-SCfc. m^p^$mmM»=»KL 

[O O 6 O] *llliS«lll=J:«illS3tU— !fSS<DlEi!ll= 
OLXTSJ^gf -So ®563tU— tf400l-fct^r, mi<D 
nii)^ffi4 O 5 i: pfiOae4 O 1 rBl(=4mA, m2<Dn 

mmm^ o 3 tpmnm^ o 1 rBi(=4mAa>«3;t$;:tA 

Ltztz:^, 8 3 1. 9nnTC*SUfco ®«3t 
U— tf 5 O 0IZ^5t^T, mi «)nfflimS5 O 5 t pflaa 
ffi50ir^(C3mA. m 2 fl) n flilB® 5 O 3 t p ftlJB® 
5 O 1 rBl(C5mA©m3SE$;:£ALfci:^5. 8 3 1.9 
nmtliO. 5nm^^<&8 3 2. 4nm"CSIfiLfco 

[006 1] *fc. ^msffij-eii. m2(DSg«6«ai=j:a 



H 1= ck o T^^-ata-v> L # i^mmm*<m=f-:^t ir is & o 

[0 0 6 2] 

[Eglie09ffim«lKll] 

[BI1 ] *feii^i=j:%mi (Dmmm^^-rm^mo 

[@3] M^Jl£$:^-r@. 

[04] ;$:fe^(=<l:^m2a}Sg]|&«|$^-rBrSBI. 
[BI5] 4:%QII=J:«m3 0)Sll&^$^-rBTllS. 
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[^■^(DSig^] 
10 1 n m&Wi 

1 0 3. 1 1 5. 603 nSi|i#(*^gR5^- 

10 5. 113 JtttS 

105a. 113a ^-^r 'JTZfOvi^m 

10 5b. 113b ^MM^^P 

10 7. 11 1 &:#9; p^^gg3»5pJl 

107a. 111a AIGaAsg 

107 b. 111b AlAsS 

10 8. 11 2&:m:m.mm 
10 9 pmx^—v-m 

10 9a {& K— :>'A I G a A s ® 

10 9b TS \i—-:fA I Q a A s S 

117. 201. 301. 401. 501 pffiSfi 

m 

1 1 9. 1 2 1. 203. 205. 303. 403. 4 
05. 503. 505n fiUQS 

20 0. 30 0. 40 0. 500 ffiSIJtU— tf 

6 0 0 ^mm 
6 o 1 ^^mmm^m. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SfflES 

□ FADED TEXT OR DRAWING 
J31BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBn(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



